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React ion of 6 -pyr idazone  der iva t ives  with hexamethyld is i lazan  in the p re sence  of smal l  
amounts  of t r ime thy lch lo ros i l ane  gave t r ime thy l s i loxy ,  bis ( t r imethyls i loxy) ,  t r i m e t h y l -  
s i loxy ( t r imethyls i ly lamino) ,  and N- t r ime thy l s i l y l ace t amido  der iva t ives  of pyr idazine ,  the 
s t r u c t u r e s  of which as O- t r ime thy l s i l y l  compounds were  conf i rmed by invest igat ion of 
t h e i r  UV, IR, and PMR spec t r a ,  

We have p rev ious ly  synthes ized analogs of nucleosides  of 3 -hydroxy-6 -pyr idazone  by means  of t r i -  
me thy l s i ly l  de r iva t ives  of pyr idazine  [1]. The p resen t  p a p e r  is devoted to the s i lylat ion of 3- ,  4- ,  and 5- 
subst i tuted 6 -pyr idazones  ( Ia-k)  and to a study of the s t ruc tu re  of the compounds obtained. Up until  our  
invest igat ion,  the l i t e ra tu re  contained only individual data on the s i lylat ion of pyridazinone Ic [2, 3]. 

The s i lylat ion of I a - k  was c a r r i e d  out with excess  hexamethyld is i lazan  (HMDS) with a smal l  amount 
(10 : 1) of t r ime thy lch lo ros i l ane  (TCS) [4]. The yields  of II were  60-80% (Table 3). 
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t H 

It  is in te res t ing  to note that  4 -amino  der iva t ives  Ii, j a re  s i lyla ted with apprec iab ly  g r e a t e r  difficulty 
than 3 -amino  der iva t ive  Id. This dec r ea s e  in the reac t iv i ty  of the exocyel ic  ni t rogen atom with r e spec t  
to nucleophil ic  subst i tut ion at s i l icon in HMDS for  the amino group in the 4 posi t ion (Ii, j) as  compa red  with 
the amino group at tached to C 3 (Id) is due to the difference in the conjugation of the amino groups with the 
r ing and, poss ibly ,  the effect  of  the halogen atom in the 5 posi t ion.  It is known that the carbon a tom in the 
4 posi t ion of the pyr idazone r ing has the highest  specif ic  posi t ive charge .  In this  connection, the mu l t i -  
pl ici ty of  the C - N  bond i n c r e a s e s ,  whereas  S c h a r a c t e r  is displayed to a g rea t  degree  in the case  of the 
N - H  bond, and this should lead to an inc rease  in the f requency of the s t re tch ing  v ibra t ion  of the l a t t e r .  In 
fact,  absorpt ion  bands at 3285 and 3390 cm -1, which are  shifted to 3330 and 3410 cm -1 in the case  of py-  
r idazinones  II, j, a re  obse rved  in the spec t rum of Id. 

The s ta r t ing  bases ,  being cycl ic  amides ,  a re  capable of l a c t a m - l a c t i m  t a u t o m e r i s m  [5, 6], in con- 
nect ion with which the format ion  of O-  (O,O-), N-  (N,N-),  o r  O ,N- t r ime thy l s i l y l  de r iva t ives  is poss ib le  
during t he i r  s i lylat ion.  The choice among these  s t r u c t u r e s  can be made on the bas i s  of the UV, IR, and 
PMR s p e c t r a  of the compounds.  

The s t r u c t u r e s  of 3 - m e t h o x y -  (IIa), 3 - c h l o r o -  (IIb), and 4 ,5 -d iha lo -6 - t r ime thy l s i loxypyr idaz ines  (IIg, 
h), and 3 ,6 -b i s ( t r imethy ls i loxy)pyr idaz ine  (IIc) and its 4,5-dihalo de r iva t ives  (lie, f) were  conf i rmed  by 
the p r e sence  in t he i r  UV s p e c t r a  of absorp t ion  m a x i m a  that a r e  analogous to those in the spec t r a  of  the 
cor responding  O-  o r  O ,O-methy l  de r iva t ives  (Table 1). The spec t r a  do not contain the absorpt ion  c h a r -  
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ac t e r i s t i c  for  the N - o r  O ,N-methy l  der iva t ive  and the s ta r t ing  ba se s .  The N ,N- t r ime thy l s i ly l  s t ruc tu re  
is unlikely in the case  of IIc,  e, f because  of the lower  (than in the case  of S i - O )  s t rength  of the S i - N  bond 
and the cons iderable  s t e r i c  hindrance between adjacent  (CH3)3Si groups .  In conf i rmi ty  with th is ,  the ab-  
sorpt ion  m a x i m u m  at 336 nm c h a r a c t e r i s t i c  for  the N,N-methy l  der iva t ive  [7] is not obse rved  in the i r  UV 
spec t r a .  

3 ,6 -Dimethoxy-4 ,5 -d iha lo -  and 4 ,5 -d iha lo -6 -methoxypyr idaz ines  (X, XII, XIV, and XVI) have not 
been  prev ious ly  desc r ibed .  However ,  the adsorpt ion  m a x i m a  that  we calcula ted for  them with the aid of 
i nc remen t  values  [7] a re  in agreen~ent with the values  obtained for  I Ie -h .  

As seen  f rom the data in Table  1, r ep l acemen t  of  the chlorine a tom in the 3 posi t ion of V and VIII by 
an amino group (to give VII and IX) causes  a ba thochromic  shift  of  N30 nm, but the absorpt ion  max imu m 
in this case  does not coincide with the max imum for  pyr idazinone Id (343 rim). A s i m i l a r  shift is obse rved  
in the s p e c t r a  of 3 - t r i m e t hy l s i l y l am i no -6 - t r ime thy l s i l oxypy r idaz ine  (IId) and 3 - t r i m e t h y l s i l y l a m i n o - 6 -  
eh loropyr idaz ine  (ill) ,  which contain an (CH3)3SiNH group, and this  conf i rms  the i r  s t ruc tu re .  

The close values  of the absorpt ion  m a x i m a  of the 4 - t r i m e t h y l s i l y l a m i n o - 5 - h a l o - 6 - t r i m e t h y l s i l o x y p y -  
r idaz ines  (iii, j) and IIg, h and the apprec iab le  difference from the absorp t ion  m a x i m a  of pyr idazinones  Ii, j 
consti tute evidence in favor  of t he i r  s t r u c t u r e s .  

The absorp t ion  band of the C =O group of a 6-pyr idazone  (1650-1680 cm -1) is absent  in the IR spec -  
t r a  of I Ia - f ,  h-j  and 4 - N - t r i m e t h y l s i l y l a c e t a m i d o - 5 - c h l o r o - 6 - t r i m e t h y l s i l o x y p y r i d a z i n e  (IIk). The sp ec t r a  
of l ib-f ,  h -k  contain a band at 1080-1115 em -1, which is due to v ibra t ions  of  the S i - O - C  s t ruc tu ra l  group 
[8]; this  band is weak in the case  of  l id-f ,  h but is intense in the ease of  Iib, c, i -k .  The de terminat ion  of 
these  v ib ra t ions  in the spec t rum of Ha is h indered by the fact  that  they m a y  over lap  with the v ibra t ions  
f rom the C - O - C  s t ruc tu r a l  group obse rved  in the spec t r a  of HI [5], V, and VII in the same region.  

The s i lylat ion of the amino group of lid, i, j is p roved  by the fact that  the absorpt ion bands of an •H 2 
are  absent  in the s p e c t r a  of  these  compounds,  and there  is a ve ry  intense absorp t ion  band of a secondary  
amino group at 3325, 3375, and 3370 cm -1, r e spec t ive ly .  This  band is found at 3275 cm -1 in the spec t rum 
of I I l .  The i nc r ea s e  in the f requency in the s p e c t r a  of IIi ,  j is apparen t ly  due to the g r e a t e r  conjugation in 
them of the (CH3)3SiNH group with the r ing as compa red  with IId. This band is absent  in the spec t rum of 
IIk, and a ve ry  intense band cor responding  to the carbonyl  absorpt ion  of t e r t i a r y  amides  [8] is obse rved  at 
1665 em - I .  On the bas i s  of  these  data, it m a y  be a s sumed  that  the (CH3)3Si group is a t tached to an exo -  
cycl ic  ni t rogen a tom.  In pa r t i cu la r ,  the close (see [9]) shif ts  of the pro tons  of the CH3CO group in the PMR 
s p e c t r a  of Ik and Ilk (Table 2) consti tute evidence in favor  of th is .  

An intense absorp t ion  band at 768 cm - i ,  which is re la ted  to the s t re tch ing  v ibra t ions  of the S i - C H  3 
group [8], is p resen t  in the IE s pec t r a  of Ha- f ,  h-k;  it is found at 747 cm -1 only in the case  of I I l .  C o m -  
pounds I a - c  [5], Id-f ,  h-k,  IH [5], IV, and VII - IX do not absorb  in this  region.  A second v e r y  intense band, 
which is due to these  same  v ibra t ions  [8], is obse rved  at 857 cm -1 in the spec t r a  of lIe, f, h -k .  In the case  
of I Ia-d ,  l it m a y  over lap  with the band f rom the ou t -of -p lane  deformat ion  v ibra t ions  of  two adjacent  r ing 
C - H  bonds in these  compounds [10], which hinders  its identification.  The spec t r a  of al l  of the invest igated 
organos i l icon  de r iva t ives  of pyr idazine  contain a v e r y  intense absorpt ion band at 1255 cm -1, which is r e -  
la ted to the deformat ion  v ibra t ions  of  the S i - C H  3 groups [8]. This  band is absent  in the s p e c t r a  of p y r id -  
azinones I a - c  [5], Id-f ,  h-k,  III [5], V, and VII-IX.  

The O- t r i m e t hy l s i l y l  s t ruc tu re  of I I a -k  is also conf i rmed  by the PMR s p e c t r a  (Table 2). The s t r u c -  
tu re  of  I Ia  is conf i rmed by the c h a r a c t e r i s t i c  (for the pyr idazine  s t ruc ture )  dec r ea se  in the shielding of 
the protons  of the methoxy group in its spec t rum as compared  with the spec t rum of Ia. In addition, in the 
spec t rum of Ha one ' s  attention is drawn to the equivalence of the protons  of  the he te ror ing ,  which is i m -  
poss ib le  for  Nt -subs t i tu ted  6 -pyr idazones  [11]. In the spec t rum of lie, the chemica l  shifts  of the methyl  
pro tons ,  like the chemica l  shifts  of the protons  of the he te ror ing ,  a re  close to the cor responding  values  
for  IIa.  Replacement  of a methoxy group or  an (CH3)3SiO group in the 3 posi t ion by a chlorine atom (V, 
IIb) leads to an apprec iab le  dec r ea s e  in the constants  of shielding of the r ing protons  and the (CH3)3SiO 
group as compa red  with the s pec t r a  of IIa,  c. The chemica l  shift  of the me thy l  protons  is even s m a l l e r  
in the s p e c t r a  of rig, h. However ,  the introduction of yet another  (CH3)3SiO group in the 3 posit ion (IIe, f) 
i n c r e a s e s  the shielding of these  p ro tons .  The chemica l  shif ts  of the pro tons  of the (CH3)3SiO group in the 
spec t r a  of II], k a re  quite cIose to the va lues  obse rved  for  IIg, h. 

It  has been  shown [12] that the chemica l  shif ts  of the r ing protons  in subst i tuted pyr idaz ines  can be 
ca lcula ted  v ia  an additive scheme that  takes  into account  the effect  of  the nature  and posi t ion of the sub-  
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st i tuents  on the resonance  of the protons  in the 4 and 5 posi t ions .  Using this approach,  we calculated that  
the introduction of an (CH3)3SiO group in the 3 posi t ion should cause an inc rease  in the chemical  shift of 
its protons  by, on the average ,  0.72 (4-H), 0.31 (5-H), and 0.41 (6-H) ppm.  This  is somewhat  g r e a t e r  than 
the effect  of a methoxy group (0.52, 0.14, and 0.36 ppm [12]). In addition, judging from the spec t rum of 
I I l ,  the shielding effect  of the (CH3)3SiNH group in the same  posit ion on 4-H and 5-H is somewhat  lower  
(0.51 and 0.15 ppm) than that  of  the amino group (0.67 and 0.23 ppm with r e spec t  to the spec t rum of IX). 
This is probably  due to the apprec iab le  weakening of the p, �9 in teract ion with the he te ro r ing  at the exo-  
cycl ic  ni t rogen atom in II because  of the pTr-d~ bonding of its unshared  e lec t ron  pa i r  with the 3d orbi ta ls  
of the si l icon a tom attached to it. 

It m a y  be a s sumed  that  the pTr-d~r bonding between the si l icon and oxygen a toms in the O - t r i m e t h y l -  
si lyl  de r iva t ives  does not affect  the p, 7r conjugation of the l a t t e r  with the ~ sys tem of the he teror ing ,  in- 
a smuch  as different  unshared  pa i r s  of e lec t rons  of  the oxygen atom par t ic ipa te  in each of these  types  of 
in teract ion.  

It should be noted that  O- t r ime thy l s i l y l  de r iva t ives  I I a -k  have the g rea t e s t  he t e roa roma t i c  cha rac t e r ,  
and this is apparent ly  the de termining fac tor  in the s i lylat ion of the subst i tuted 6-pyr idazones  (Ia-k), as 
is obse rved  for  phthalazine de r iva t ives  [3]. 

E X P E R I M E N T A L  

The IR sp ec t r a  of hexachlorobutadiene (2000-4000 and 1300-1500 cm -1) and Nujol (700-1800 cm -I) 
suspens ions  of the compounds were  obtained with a UR-20 s p e c t r o m e t e r  with NaC1 and LiC1 p r i s m s .  The 
UV s p e c t r a  of dry dioxane solutions of the compounds were  r eco rded  with a UV-2 automat ic  record ing  
spec t ropho tome t e r  designed and cons t ruc ted  in the Insti tute of Organic  Synthesis,  Academy of Sciences of 
the Latvian  SSR. The PMR s pec t r a  of 0.2-0.5 M solutions of the compounds in purif ied and dr ied acetone,  
carbon t e t r ach to r ide ,  dimethyl  sulfoxide (DMSO), o r  cyclohexane were  obtained with a P e r k i n - E l m e r  R-12A 
s p e c t r o m e t e r  (60 MHz) with cyclohexane as the in ternal  s tandard .  

3 -Methoxy-6 - t r ime thy l s i loxypyr idaz ine  (Ha). A mix tu re  of 6.3 g (0.05 mole) of Ia ,  50 ml  of HMDS, 
and 5 ml  of  TCS (the base  to HMDS to TCS m o l a r  ra t io  was 1 : 2.4 : 0.39) was s t i r r e d  and heated at 150-170" 
[17] (bath t e m p e r a t u r e ) w i t h  complete  protec t ion  from a i r  mo i s tu re  until Ia  d issolved and ammonium ch lo r -  
ide evolution ceased  (4 h). The excess  HMDS was removed  by dist i l lat ion at reduced p r e s s u r e  in a s t r e am 
of dry ni t rogen at a b a t h ' t e m p e r a t u r e  no h igher  than 80", and res idue  was vacuum-dis t i l l ed .  

Compounds I Ib-h,  k, 1 were  s i m i l a r l y  obtained, but the mix ture  was heated for  2 h in the case  of IIf, 
h~and for  12 h in the case  of IIk.  The b a s e - H M D S - T C S  m o l a r  ra t io  was 1 : 5,7 : 0.93 for  the p repa ra t ion  
of IIi and 1 : 3 .4 :0 .56  for  IIj; the reac t ion  t ime  was 12 h. The yields  and phys ica l  constants  of  the compounds 
obtained a re  p resen ted  in Table 3. 

The authors  thank Doctor  of Chemical  Sciences E.  Yao Lukevi ts  for  his consultat ion in the d iscuss ion  
of the above m a t e r i a l .  
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